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[57] ABSTRACT 

A microcomputer including a video generator and tim- 
ing means which provides color and high resolution 
graphics on a standard, raster scanned, cathode ray tube 
is disclosed. A horizontal synchronization counter is 
synchronized at an odd-submultiple of the color subcar- 
rier reference frequency. A "delayed" count is em- 
ployed in the horizontal synchronization counter to 
compensate for color subc^rrier phase reversals be- 
tween lines for the non-interlaced fields. This permits 
vertically aligned color grsphics without substantially 
altering the standard hciizcntal synchronization fre- 
quency. Video color signals are generated directly from 
digital signals by employing a recirculating shift regis- 
ter. 
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MICROCX>MPUTER FOR USE WITH VIDEO SUMMARY OF THE INVEhTnON 

DISPLAY A nucroproccMor for lite with a video di«play ii 

BACKOaouTm OP THP INVP vnov described. The microprocejsor includes an improved 

BACKGROUND OF THE INVENTION , appanitas which provide* weU-defmed color 

1. Field of the Invention graphics on a standard, raster scanned, cathode ray 
The invention it for the generation of signals for tube. A timing refei^ce means is employed to provide 

raster scanned video diqtlays employing digital means. a color reference signal for the video display. A hori- 

2. Prior Art zontal synchronization means which is synchronized to 
With the reduced cost of targe scale integrated cir- 10 the timing rtfeiwce meant provides horizontal syn- 

cuits it has become possible to provide low-cost mi- chroaizfttion signzls for the disolay. These sigjials occur 
crocomputcrs suitable for home use. One such use atarafc whichisanoddnibmiiltipleofthecolorrefer- 
wUch has flourished in recent years is the application of ence signal fr«juency. lie timing apparatus includes a 
nJcrocomputers in conjunction with wleo dUpIays for compensation means which is coupled to both the tim- 
games and graphic displays. Most often an ordinary iS ing reference means and the synchronization means for 
television receiver IS employed as the video display periodically adjusting the horizontal synchronization 
means. The stondard. raster scanned. «thode ray tubes that these signals remain in phase relation- 

employed m these rsceivers and hkedsp^ ship with the color refeiwce signal, 

unique probleiM m mterfacmg these dispbys with the 1*. microcomputer also inclSjes a unique color sig- 

digital mformabon provided by the microcomputer. 20 „^ _„ ... • 1 ^ t.-a. 

In prating coi^ g«phics it is. of couTse. derirsbte ^ 
to prlvidThi^ resoS lines »d to .v^"n.gged" ^^J^ !^'^"''^'^*^ signals represenU- 
lin^ In a microcomputer contrcUed disphiy. typify a ^l,°Jf^?'^'^, T'f.J?' "^^"^^^ * 
tinglefrequencyref^encesourceisemploycd togcn«. P^ff^^."^- ^ th_« manner a coIor^^«ut- 
ateUie color subcarrier reference sigmdof3.579545Mhz 25 ^'-J?'-'^* ^ "^"^ '^^^ e^*^ «™» 
and the horizontal and vertical synchronization signals. "Ptai signals. 

If the frequency of the horizontal synchronization sig- BRIEF DESCRIPTION OF THE DRAWINGS 
nals is to remain close to its' normal frequency (i.e. , . , . , . j. 

I5,750hz) the horizontal synchronization means must . * '? * diagram illustratmg the 

operate at an odd-submultip!e of the color subcarrier 30 microcomputer m its presently preferred em- 

firequensy. When this occurs there is a phase reversal or ^"^^If !^ . ... 

phase shift of the color subcamer reference signal when . 2 is a block diagram of the video generator 

compared to color control signal between each of the employed m the microcomputer of FIG. 1. 
lines of the displcy. This resiilu in ragged vertical lines • ' " * ^'^^^ diagram of the timing and synchro- 

unless the color signals are changed for each line. One 35 ^f^^ generator employed in the computer of FIG. 1; 
prior dit solution to this problem has been to operate the 

horizc'fltal synchronization counter at an even submulti- * ■ graph illustrating several waveforms gen- 

ple of the color subcarrier frequency (i.e. 15,980hz). «"ted by the video generator of FIG. 2. 

This deviation from the standard horizontal synchroni- DETAILED DESCRIPTION OF THE 

zation frequency typically requires manual adjustment 40 INV^NTION- 

of the receiver and for some receivers horizontal syn- " 

chronization may be more difficult to maintain. microcomputer it disclosed which is particnlarly 

As will be described with the invented microcom- suitable for controUing color graphics on a stat^dard. 
puter, the horizontal counter operates close to ite stan- raster scanned, cathode ray tube. The described mi- 
dard frequency (I3,734hz). Through use of a timing 45 crocomputer includes a vidso generator which gecer- 
compenaation meana, counting in the horizontal syn- *t» color signals directly from digital information, and 
chronization counter is detayed to compensate for the * timing means which provides well defined color 
fact that the counter operates at an odd-submultiple graphics, particularly in tbc vertical direction, without 
fr«quaicy of a color reference signal. In this manner, complex programming. 

phase reversal of the color reference signal is eliminated SO In the foUcwing docription. numerous well-known 
and sharp graphic displays are provided without com- circuits are shown in block diagram form in order not to 
plex programming. obscure the described inventive concepts in unneces- 

In many prior art microcomputer controlled displays, sary detail. In other instances, very specific details such 
color information is stored as four digital bits which are as frequencies, number of bits, specific codes, etc., are 
used to designate green, red, blue, and high/low mten- 55 providing in order that these invective concepts may be 
sity. The color generation means generally includes a clearly understood. It will be apparent to one skilled in 
signal generator for generating the pure color signals the art that the described inventive concepts may be 
(CW). These pure color signals are then gated and employed without use of these specific details, 
mixed in accordance with the binary state of the four Referring now to FIG. I, the microcompnter in- 
bits to provide & color signal compatible with standard 60 eludes a central processing unit (CPU) or microproces- 
television receivers. Generation of the video color sig- sor 10. While any oat of a plurality of commercially 
nal in this manner is complex and requires a substantial available microprocessors may be employed such as the 
amount of circuitry. M6800 or S080, in the presently preferred embodiment. 

The invented microprocessor includes a recircutatmg a commercially available microprocessor. Part Na 
shift register which circulates four bits of information. iS 6502, is employed. CPU 10 communicates with the data 
In this manner video color signals are generated di- bus M throng a bidirectional tri-sute buffer 1Z The 
rectly from digital information without the ciunber- CPU 10 is also coupled to the address bus 20 through a 
some generation techniques employed in the prior art tri-state buffer 13. 
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The microcomputer, in its presently pi-eferred cm- reference signal of 3.579343Mliz on line 58. The signal 

bodiraent, iiicludes two memories. The first is a 12K on line 58 is used in as ordinary manner by the video 

(bytss) read-only inemory (ROhi) 14 which is coupled display and also is used as a feedback synchionizatioo 

to the data bus 18. This ROM may be a mask program- signal by the shift register counter tiO. 
mable memor> , E FROM or other read-only memory. 5 Tlie 14.3Mhz signal on line 33 is divided by sevea, by 

The primary data storage for the computer compri&.<!s the shift register cowter 60 to provide a 2+Mhz signal 

the random-access memory 23. In the presently pre- on line 32. This signal is used by the RAMs 23 of FIO. 

fened embodiment, this memory may contain 4K to L This 2+Mhz signal is further divided by divider S> 

48K (bytes) end comprises commercially available dy- (divided by two) to provide a I +Mbz timing signal on 
namic MOS memories. The RAM 23 is coupled to the 10 iioe <iJ. This 1 +Mhz signal in addition to being em- 

inp-Jt/output interface means 21 via bus 30, the data bus plo/ed elscw.heie in the mictoprccessor is used by 

Ih and the video generator 25. couiiU'irs 63 and 64. 

The timing signals for the microcomputer are pro- The "divide-by-65" counter 63 is used to provide the 

vided by the timing and synchronization generator 15. horizontal synclironization signals for the non-inter- 
The novel portions of thJs generator shall be described, IS laced displsy. When the maximum count u reached 

in dcJail, Ln conjunction with FIG. 3. This generator within the coL'nter 63, a signal is provided on line 66 to 

provides timing sisnals for the microcomputer, and shift register 60 sind also to the vertical synchronization 

additionally, synchronization signals for the video dis- counter 64. The counter 64 is employed to divide this 

play. Among tho signals provided by die generator IS signal by 262 to pK!\'ide vertical synchronization sig- 
are 2+Mhz timing signals on lines 32 for the RAMs 23 20 nals. 

and a 14.3 1 8 ! 8Mhz signal on line 33 for the video gener- In the presently prefened embodiment, the display b 

ator 25. The timing asui synchronization generator 15 divided into a 65 x262 airay. However, 25 of the 65 

also provides timing sigioals for the decoder 16 and for horizontal character [«sitioias are employed for blank- 

the address multiplexer 28. ing and 70 of the 262 hnes are also employed for blaak- 

Thc address decoder 16 rtoeives address signals from 23 ing. 
the address bus 20 and decodes them in a well-known It is apparent from FIG. 3 thai the horizontal syn- 
raanner. The addreas decoder 16 is coupled to the ROM chronization signals from counter 63 occur at a tie- 
It and to the RAM 23. Address signals are also received quency of approximately 1 5,734hz. Thin b very close to 
from the bus 20 by the address multiplexer 28 which -he standard horizontal synchro.iiza^ioR rate of 
couples these signals to the RAM 23. 30 15,7.SOhz. Each count of the counter 63 includes 3i 

The input/outp jt interface means 22 provides ports color cycle of the color subcarrier reference .'requency; 

which allows the microprocessor to be electrically con- moreover, the tc tai number of color cycles pes line b a 

pled to a cassette jack or to a connector used for receiv- con-integer. As a result, the color subcarrier retbrence 

ing game input/output signals. Known buffers and tim- signal vill be shifted ISO* for each new line. Vviea 
ing means may be employed for this purpose. 35 some corrective action is taken thb will result in ragg»l 

The video generator 25 rfceives signals from the vertical lines. As will now be described, comoeasation 

input/ouiput interface means 21 and also from £he b provided by delaying the occurretice of the 1+Mhz 

RAM 2S. Thb generator provides an output video sig- timing signal once for each line by a period of time 

nal on line 26. Video generator 25 shall be described, in corresponding to { cycle of the 3.58Mz subcarrier refer- 
detail, in conjunction with FIG. 2. 40 ezioe signal. 

In the presently preterred embodiment, the entire As shown in FIG. 3, the normal counting sequency 
microcomputer of FIG. 1 b fabricated on a single for the shift counter 60 includes seven states. When the 
printed circuit board. Thb board includes connectors to last stage of the four stage counter contains a tanary- 
allow the computer to be connected to a cassette play- zero, a binary-one b loaded into the sec(»d stage (pon- 
back means, or other devices. As will be appreciated, 43 tion 70). The first and second stages receive the output 
numerous well-known interconnections, driver means of the second stage when the last stage contains a bl- 
and other circuits employed in the micFocoinputer are nary-zero. Thus, the states become 1110 after the nest 
not shown in FIG. 1. For a detafled description of cir- shift, and finally the states become 1111 as «^«i itf4 by 
cuits and interconnections which may be employed in path 68. 

the microprocessor of FIG. 1, incIucUng a transparent 30 Each time a signsl occurs on line 66 (every 65 cycles 

refresh cycle for the RAMs 23, see "A CRT Terminal of the I +Mbz signal) the normal sequencing within the 

Using The 3/6800 Family" by Roy k. Morris, Interface cotmtcr 60 b altered as shown by the extended sequence 

Age, Volume 2, Issue 2, January 1977. of FIG. 3. When a signal occurs on line 66 and when the 

Referring now to FIG . 3, the timing and synchroniza- count of 0000 b reached, the loading of the binary -one 

tion generator (timing meanj) includes a frequency 53 into the second stage (position 70) b delayed for two 

reference source, crystal oscillator 51. The ou^ut of cycles of the 14.3 1 SMhz clock. These two cycles corre- 

oscillator 51 b coupled to a buffer 52 which provides a spond to 180* of the 3.S8Mhz signal. Aftsr these two 

14.3 181 SMhz signal on line 33 for the presently pre- cycles, a binary-one b then loaded into the cecoitd 

ferred embodiment Thb sigpal b coupled to the video stage, followed by the loading of binary-ones into the 

generator i}f FIG 2 as will be described, and b also 60 first and third stages. As indicated by path 69, a oormal 

coupled to the shift regbter counto- 60 and the divider counting sequence then occurs. By extending the count 

55. The divider 55 divides the 14.31818Mhz signal by within counter 60 as described, compenscticm occurs 

two, thereby providing a 7.1S909Mhz signal on line 56. which provides vertical color ahgnment Ck><!c iine-to- 

Thb signal is employed by the micropi-ocessor as a line 

tuning Signal, and additionally, b employed by the shift 63 Referring now to PIG. 2, the video generator 25 of 
register counter 60 its a feedback syochronization sig- FIG. 1 includes two, four tdt shift registers 36 and 37. 
nal. The signal on line 56 b further divided by two, by Each of these four bit shift regbters b coupled to re- 
divider 57, to provide the standard color subcarrier ceive four bits of data on lines 30 from the RAM 33. 
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The registers 36 and 37 receive a load signal on line 49 
which causes the data on lines 30a through 30A to be 
shifted into the registers. The Rist stage of register 37 
(lo) is coupled to a multiplexer 33 by line 42. The third 
stage of register 37 (I i) is also coupled to the multiplexer 
38 by line 43. In a similar fashion, the first stage of the 
register 36 (I]) is coupled by line 44 to the multiplexer 
38, and the third stage of this register (I3) is also coupled 
to the multiplexer 38 by line 45. 

Line 44 is coupled to the fourth stage of register 36 in 
order that four bits of data within register 36 may be 
recirculated. (Registers 36 and 37 shift data from left to 
right, that is, toward their fira-t stage). The line 42 may 
be selectively coupled to the fourth stage of register 37 
through the multiplexer 40 in order that four bits of data " 
within register 37 may be recirculated. Line 44 may be 
coupled through the multiplexer 40 to the fourth stage 
of the shift register 37. When this occurs, the shift regis- 
ters 36 and 37 operate as a single eight bit shift register. 

Control signals designated as even/odd X Qiae 47) 
and upper/lower Y (line 49) are used to control multi- 
plexer 38. During the color graphics mode the registers 
36 and 37 operate as separate registers and data is alter- 



Briefly referring again to FIG. 3, each count of the 
horizontal synchronization counter 63 corresponds to 
3 J cycles of the subcarrier reference sagnal. Thus, a 180' 
phase shift occurs from character-to-chiracter with 
respect to the color subcarrier reference signal. This 
means that the color signals must be shifted by 180* by 
the generator of FIG. 2, or the coding fcr these signals 
must be alternated for odd and even horizontal charac- 
ter positions. In the presently preferred embodiment, a 
180* phase shift for the color signals is obtained by 
toggling bet^\ cett the first or third steges of the selected 
registers. For example, assume that tlie lower portion of 
a chai acter is being displayed and that the color infor- 
maticm is thus contained within register 37. Further 
assume that this information is being circulated, that is, 
line 42 couples stage 4 to stage t through the multi- 
plexer 40. For even horizontal character positions, as 
mdicried by the signal on line 47, the phase select m'ilti- 
jg plexer 38 couples the lo signal to line 26. For the odd 
positions, a 180* phase shift is obtained by selecling the 
I| signaL 

During a second mode of operation the generator of 
FIG. 2 is used for providing high resolution graphics. In 



nately selected for couphng to hue 26 by multiplexer 38. this case, eight bits of information are provided by the 

The upper/lower Y si^, dunng the color graphics r^M 23 to the registers 36 and 37. For this high resolu- 

mode, allow selection of data from either register 36 or tion mode line 42 is coupled to the video line 2£ aad the 

37. The odd/even X signal then toggles the data from ^jght f„„ 23 are serially coupled to 

the selected register by alternating selecting Iq or I, if the video line 26 at the 14.318Mhz rate. The multiplexer 
renter 37 ^ selected, or I j or 1 j if register 36 is selected. 3,, 45 ^^^j^ line 44 to the fourth stage of register 37 to 

During the color graphics mode as presenUy unp e- ^ovide a single eight bit shift register. The resultant 

mented. eight bits of colormfonnaUon are sMt<^ (m „^ ^n lines 77 and 78 of FIG. 4. TTie 

P^ fl^io the register 36 and 37 frc^ the RAM 23 on lines 77 and 78 provide either a green or 

'^Z^.^t'L'l'.TJr^yj.l'!^^^^ data changes are employed to Obtain the compensation 



signal received on line 33. The circulation of the data bit 
within the registers 36 and 37 at this rate provides sig- 
nals having a 3.58Mhz component and as will be de- 
scribed, these signals may be readily employed fot pro- 
viding color signals for video display. ^ 

In the color graphics mode, as presently imple- 
mented, each of the display characters is divided into an 
upper and lower color rectangle. The RAM 23 provides 
the four bits of color data for the upper rectangles to 
registers 36 and for the lower rectangles to register 37. 45 
This color data for the presently prefened embodiment 
it coded as follows: 

Red; 0001 

Pink; 1011 

Blue; 0010 jO 
UghtBlue; 0111 
Dark Green; 0100 
Light Green; 1110 
Brown; 1000 

YeUow; 1101 55 
Media'n Violet; 0011 
Medium BIu^ Olio 
Medium Green; 1 100 
Orange; 1001 

White; 1111 to 
Gray; 1010 
Gray; 0101 

When colors are coded in this manner and circulated at 
the rate of 14.318Mhz in the registers, video color sig- 
nals compatible with standard television receivers are 65 
produced. The resultant signal for red is shown on line 
71 of FIG. 4, light blue on line 72, brown on line 73 and 
gray on lines 74 and 75. 



provided by the multiplexer 33 during the color graph- 
ics mode. 

Thus, a microcomputer has been disclosed which is 
parttculxriy suitable for controlling a color video dis- 
play. The unique timing means provides well defined 
vertical color lines without complicated programming 
changes while allowing the generation of horizontal 
synchronization signals at close to the standard rate. 
The unique video generator allows the generation erf" 
color sij^s directly from digital signals without the 
comples circuitry often employed in the piiOT art 

I claim: 

1. In a microcomputer for use with a video display an 
improved timing apparatus comprising: 

a timing reference means for providing a color refer- 
ence signal for said video display; 

a horizontal synchronisation means for providing 
horizontal synchronization signals for said display, 
said synchronization means coupled to said timing 
reference means for synchronization with said ref- 
erence means such that said synchronization sig- 
nals occur at an odd-submultiple of said color refer- 
ence signal; 

tiniing compensation means coupled to said timing 
referoice means and said horizontal synchroniza- 
tion means for adjustLig ssid horizontal synchroni- 
zation signals such that said horizontal syachroni- 
zaticm signals are in phase relationship with said 
color reference signal; 

whereby the color graphics oa a raster scanned cath- 
ode ray tube are sharply defmed m the vertical 
direction. 
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2. The apparatus defined by claim 1 wherein said delay means for delaying counting in said counter 
horizontal synchroniration means comprises a digital ' co"«* «• counter reaches a predeter- 
counter mined count, said delay means coupled to said 

3. The apparatus defined by claim 2 wherein said . horizontal synchronization counter and said timing 
^ . ^ • J- It J t .5 reference means; 

timing compensation means penodtcaBy delays count- ^^^^^ weU-defined color graphics may be readily 
ing m said counter. ^^^^^ „^ displayed on said video display. 

4. The apparatus defined by claim 3 wherein said 6. The apparatus defined by claim 5 including a digi- 
color reference signal is an approximately 3.58Mhz tal divider for dividing by an odd-intcj^ier ccupled be- 
signal and said ho'^izontcl synchronization signals occur 10 tween said reference means and said counter. 

at a frequency of approximately 15,734 Hz. ?■ The apparatus defined by claim o wherein said 
5.Inamici-ocomputef forusewithavideodisplayan <Mgital divider includes a shift register counter and 
improved timing apparatus comprising: wherein the loading of digital signals in said register 
a horizontal synchronization counter. , ^ SS" ""^"'^ predetermined count u 
a timing reference means for synchronizing said ^ apparatus defmed bv claim 7 wherein sud 
counter ana for proviou^>g a coior reference signal. ^j^^ referrace signal is an kpproximately 3.38Mh2 
said reference signal frequency bemg an odd-muiti- gigaa! and said predetermined count is reached at a 
pie greater than the rate at which counting occurs frequency of approximately 15,734Hz. 
in said counter; 20 * • • • • 
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